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l -n a previous article in tiffs publication, 1 we discussed _our first approach to minimally invasive aortic valve 
surgery, the parasternal pproach. Be~nning in July 
1996, our first 35 patients underwent aortic surgery 
through a right parasternal approach. We took this 
approach because we reasoned that this nfight enable 
easier isolation of the aorta, as the aorta lies under the 
second intercoastal space. Through this incision, we 
did, in fact, gain adequate xposure for the conven- 
tional aortic valve replacement and homograft root 
replacement. As we gained more experience, however, 
we learned that in certain situations more flexibility in 
the incision is required. Also, as we decreased our 
dependence on femoral artery/femoral vein cannula- 
tion, we wanted to cannulate for cardiopuhnonary 
bypass in the chest using either the innominate vein or 
the right atrium. Therefore, after January 1997, we 
began to use the "upper nfini-sternotomy," our current 
incision, which was popularized initially by Gundry. 2
In a presentation at the American Association for 
Thoracic Surgery in 1998, we presented our experience 
with the lower right parasternal pproach to the mitral 
valve. 6This is the approach that we used in our first 150 
cases. Although this approach provides adequate expo- 
sure of the mitral valve, it became vident that only one 
operator could see well even with the use of a head video 
camera; thus, it was difficult for assistants o help, and, 
moreover, in a residency teaching program it was hard 
to instruct residents how to do these procedures via this 
incision. In addition, there was too much reliance on 
the femoral artery/femoral vein cannulation technique. 
On January 1, 1999, we began using our current 
incision, a lower mini-sternotomy as suggested by Doty. 7 
We have also used a lower mini-sternotomy incision for 
correcting congenital heart disease lesions in adults. 
Currently, the primary incision for so-called "mini- 
really invasive coronary bypass urgery" is basically a 
complete sternotomy for the performance of "off- 
pump" coronary artery bypass grafting, needing no 
description. 
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1 Mitfimally htvasive aort ic valve surgery. The incision is carried down to the 
tlfird, sometimes the fourth, intercostal space, depending on pathology, patient 
physiognomy, and chest radiographic findings. Tile incision ill tile sternum is then 
carried into tile third or fourth intercostal space on the right, with care taken not 
to injnre tile right mannnary artery or vein. 
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1 (conthmed) We use a Koros sliding coronary  artery bypass ret ractor  
(Baxter Corp, Chicago, IL) to retract  the upper  sternum. The ret ractor  is 
opened, the per icardium is hlcised, and an assessment for camudat ion is made. 
Ill most cases we uow use a percutaneous 21Fr  femoral  vein eammla hzserted 
over a b-ire and then posit ioned s l th  the right atr ium ushlg transesophageal  
echocardiography.  
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2 The distal aorta is always canmdated unless there is an aneurysm ill the 
ascending aorta that nmst be resected, in which case the femoral artery is used. 
If the femoral vein cannula cannot be used, then a right atrial cannula is placed, 
usually through a subcostal incision on the right (which would be used for the 
future placement of tile chest ube) or via tile innominate vein. a This right-angle 
24Fr cannula is then placed through tile appendage of the right atrimn for 
drainage. This smaU cannula is usable because of assisted suction on cardiopul- 
monary bypass. 
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3 Once cardiopulmonary b pass is established, the aorta is cross-clamped and opened, and the 
valve replacement steps are carried out. 
From July 1996 to February 1, 2000, we performed 283 aortic valve operations through these 
incisions. Through this incision we inserted prosthetic valves, bioprosthetic valves, stentless 
bioprosthetic valves, homograft root replacement, and grafts for ascending aortic aneurysms. The 
only operation that we have not performed through this incision is the puhnonary autograft aortic 
valve replacement (Ross operation). 
What has been unique at the Brigham has been our use of this incision for minimaUy invasive 
reoperative aortic valve replacement, particularly in elderly patients with previous coronary artery 
bypass grafts or before aortic valve surgery. 4 This has been done in 37 patients with sinfilar 
tcclmiques as above. The only difference in this subgroup is that peripheral cannulation sbould be 
done before the nfini-sternotomy is opened, in the event of an untoward incident related to the 
adherence of the aorta to the underside of the manubrium. Thus far, there has been no reason to go 
on emergency cardiopulmonary bypass from inadvertent aortic incision. If the femoral artery 
cannot be used, then the axillary artery must be available for this purpose. 5 Sumnmrizing clinical 
resuhs, we have now performed this in 283 patients ~dth an operative mortality of 5/283 (1.7%) with 
reduction in the length of recovery and the need of blood transfusions and faster return to 
normality. 
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4 Minimally Invasive Mitral Valve Surger): (A) A 6- to 8-cm skin 
incision is made over the lower part of tile stermun and xyphoid. After tile 
skill incision is made for tile sternotomy, the xyphoid is preserved but tile 
lower sternum is incised and carried into the second or third intercostal 
space, depending on anatomy. This is then extended into the second or 
third interspace; again, care is taken not to injure the mammary artery or 
vein on that side. (B) The Koros sliding coronary artery bypass retractor 
is used, and through this incision we again can perform complete 
cannulation into the superior vena cava, inferior vena cava, and distal 
aorta. The atrial cannulas arc 24Fr rigilt-anglcd; occasionally the right 
femoral vein is used percutanconsly for placement of a 21Fr cannula up to 
the right atrium as monitored hy transesophageal cchoeardiogram. 
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5 In the mitral valve procedure, the right atrium is isolated after the aorta 
is cross-clamped anti antegrade blood cardioplegia given. The mitral valve is 
then exposed through the right atrimn by opening the right atrimn and then 
the septum at the fossa ovalis. With this incision, the entire septum is incised 
down to its inferior-most aspect and then upward into the atrial muscle for 2 to 
3 cm. This allows adequate xposure and does not jeopardize tile sinns node 
artery, as has been observed by Cosgrove 8 in the incision that lie uses, which 
extends more cranialward. Retraction of the left atrium, septum, and right 
atrium is done by placing a modified Cosgrove retractor attached to tile Koros 
retractor so as to lift tile septum and the right atrium up and to the left, 
completely exposing the mitral valve. Repair or replacement techniques are 
then carried out in the usual fashion. 
After the mitral valve procedure is completed, the left atrium is closed by 
closing the septum with a running 4-0 fashion, each end toward the middle, 
making sure to evacuate air prior to tying the 2 sutures of 4-0 polyethylene. 
The patient is rewarmed from 28~ and "de-a i red" by monitoriug with 
transesophageal cho. Tile right atrium is closed with a running 4-0 polyethyl- 
ene; then the mini-sternotomy is closed anti chest tubes are placed. 
As of February 2000, this procedure has been performed in 302 patients. 
For our total nfitral valve repair series, the operative mortality has been 0/259. 
For mitral valve replacement there lms been 1 death in 44 patients. Again, 
blood utilization has been reduced, and times to recovery and return to 
normality ]lave been decreased. 
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5 (continued) 
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6 Adtdt Congeifital Disease. In aduh congenital disease, the most 
common lesion is atrial septal defect: either patent foramen ovale, which 
is symptomatic because of a paradoxical embolus, or a large left-to-right 
shunt producing puhnonary hypertension. Our technique has been 
published before, beginning with a parasternal incision, 9 but since 
January 1999 we have used a lower mini-sternotomy. The aorta nmy be 
cross-clamped and cardioplegia given if so desired. The patient can also 
undergo closure during ventricular fibrillation ~4thout aortic cross- 
clamping. There has been no operative mortality in the 47 patients in 
whom we have performed this teelmique. A 3-day hospital admission is 
usual for these patients. 
Ventrieular septal defect closure can also be done with the lower 
mini-sternotomy via the right atrium and tricuspid valve. 
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CONCLUSION 
Althougl~ by present standards, these minimally inva- 
sive incisions lead to less trauma, fewer blood transfu- 
sions, and a quicker eturn to normal, in several years 
wc will probably look back and view tiffs as "work in 
progress" and will be using much smaller incisions to 
effect the same results, pcrbaps using robotics or other 
thoracoscopic procedures. 
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